ABSTRACT
INTRODUCTION

In many excitable cells the cytosolic Ca
2+ signals generated by Ca 2+ entry through the plasma membrane are amplified by Ca 2+ release from the endoplasmic reticulum (ER)
via an autocatalytic process known as Ca
2+
-induced Ca 2+ release (CICR) (1) . In this process Ca 2+ itself is a potent activator of endomembrane Ca 2+ channels, mainly the ryanodine receptors (RyRs). Mammalian tissues express three isoforms, RyR1, RyR2, and RyR3, each encoded by a different gene. RyR1 and RyR2 are predominantly expressed in the sarcoplasmic reticulum of skeletal muscle and heart, respectively, where they play an essential role to trigger muscle contraction (2, 3) . RyR3 was originally identified in brain (4) , but it is also expressed in many other cell types, including non-excitable ones (5, 6) . CICR can also be triggered by ER release induced by inositol trisphosphate (1) and can also amplify [Ca 2+ ] C signals generated by Ca
release from other intracellular organelles, such as Golgi apparatus or the endolysosomal system (1, 7). ] ER and facilitates CICR (8) . At millimolar concentrations, caffeine produces ER Ca 2+ release at basal [Ca 2+ ] C , and this action has been used as a readout of the presence of RyRs in a given cell or tissue.
Caffeine is not a clean tool, as it may interfere with fluorescence of Ca 2+ probes (9) . In addition, loading the cells with Ca 2+ probes may decrease the responses to caffeine (10) .
This has been attributed to the increase of Ca 2+ buffering by the cytoplasm and to subtle perturbations of Ca 2+ diffusion in the cytosol that result in dissipation of high Ca 2+ microdomains (10) (11) (12) (13) . In the present paper, the role of Ca 2+ chelation by caffeine in the ER lumen is examined.
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EXPERIMENTAL PROCEDURES
Cell culture and gene transfection
The stably transfected HeLa clones expressing ER targeted GAP3 (erGAP3) or ER targeted GAP1 (IgGAP1) have been previously described (14, 15) . Stable HeLa clones expressing mutated mitochondrially targeted (D119A) GFP-aequorin (mitmutGA) were generated by lipofectamine transfection of HeLa cells followed by 0.8 mg/ml G-418
selection. Single-cell clones were selected by limited dilution. All the HeLa clones were maintained in DMEM-GlutaMAX medium (GIBCO) supplemented with 100 μg/ml streptomycin and 100 U/ml penicillin, 10% (v/v) foetal bovine serum and 0.2 mg/ml G- 
Western blot analysis
HeLa cells transfected wit RyR3-or control empty vector pcDNA were grown for [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] h, washed with ice-cold PBS and extracted with RIPA buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1% TX-100; 0.1 % SDS and 0.5% deoxycholate) for 30 min. After centrifugation at 13,000 rpm for 5 min, the supernatant was diluted in Laemmli sample buffer and 50 µg protein samples were separated by PAGE. Membrane was first probed overnight with a mouse anti-RyR1 antibody (1:5000; ThermoFisher) followed by a horseradish peroxidase-labelled secondary antibody (1:1000; Bio-Rad) and incubated for 1h. To control for protein loading, membrane was probed with a mouse anti-tubulin antibody (1:5000; Sigma). Sample proteins were quantified by the Bradford assay. ] C increase to a caffeine challenge ( Figure 1A ), whereas cerebellar granule neurons show a smaller response, which can be detected with Fluo-3 ( Figure   1B ), but not with Fura-2 ( Figure 1C ) (10) . Even though RyRs are mainly expressed in excitable cells, some non-excitable cells are also able to express RyR (5) . Figure 1D illustrates the [Ca ] measurements in organelles (23, 24) . One of the main advantages of the GAP family is that it permits double-wavelength ratiometric measurements. This ability makes possible not only ] environments such as the lumen of ER (14) or the Golgi apparatus (25) . Figure 2D . Figure S1) . ] M by about 50%. This outcome indicates that caffeine is also able to chelate Ca 2+ within the mitochondrial matrix.
We next compared the effect of caffeine in cells expressing RyRs. ] ER decrease induced by 50 mM caffeine was about 50% of the maximum.
When the same stimulation protocol was applied to cells expressing RyR3 ( Figure 5B ) Figure 5C ) and by immunofluorescence ( Figure 5D ).
In order to assess more precise and quantitatively the effect of caffeine, we marked the RyR-expressing cells with mCherry-Fluorescent Protein (Cherry), and stimulated them with increasing caffeine concentrations (0.3 to 50 mM). Figure 6A ] C . The response is vigorous in some cell types ( Figure 1A ), and weaker in others ( Figures 1B and 1D Theophylline is also able to bind Ca 2+ with similar affinity as caffeine (33) , and this is consistent with our results ( Figure S3 ). ] C is necessary to draw founded conclusions.
Caffeine does also bind other divalent metals with more affinity than Ca 2+ (32) . These metals are present at trace amounts in living organisms, but are often concentrated inside the intracellular organelles of living cells. This opens up the possibility that binding of these trace elements within intracellular calcium stores such as ER, Golgi apparatus or mitochondria, might be involved in the action mechanism of caffeine.
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